Bacteriocin production is one of several mechanisms of interaction among microbial populations. Viridins, bacteriocins produced by alphahemolytic streptococci, were previously isolated and characterized in this laboratory and were shown to possess several unusual properties (5). Among these are heat lability, narrow range of pH stability, and wide spectrum of activity (5). In addition, the frequency of bacteriocin production among alpha-hemolytic streptococci is high. Of 120 such isolates tested, 78% demonstrated bacteriocin-like inhibition against one or more indicators (5). Viridin B, produced by Streptococcus mitis (mitior) strain 42885, is bactericidal to Neisseria sicca but is only bacteriostatic to a coagulase-negative staphylococcus (5). The bactericidal effect of viridin B on N. sicca has been demonstrated by conventional survival techniques, by cessation of macromolecular synthesis, and by progressive deterioration of ultrastructure in treated cells (4, 5).
Bacteriocin production is one of several mechanisms of interaction among microbial populations. Viridins, bacteriocins produced by alphahemolytic streptococci, were previously isolated and characterized in this laboratory and were shown to possess several unusual properties (5) . Among these are heat lability, narrow range of pH stability, and wide spectrum of activity (5) . In addition, the frequency of bacteriocin production among alpha-hemolytic streptococci is high. Of 120 such isolates tested, 78% demonstrated bacteriocin-like inhibition against one or more indicators (5) . Viridin B, produced by Streptococcus mitis (mitior) strain 42885, is bactericidal to Neisseria sicca but is only bacteriostatic to a coagulase-negative staphylococcus (5) . The bactericidal effect of viridin B on N. sicca has been demonstrated by conventional survival techniques, by cessation of macromolecular synthesis, and by progressive deterioration of ultrastructure in treated cells (4, 5) .
Nutrient medium was required to demonstrate the killing of N. sicca by viridin B (5) . This suggested that the bacteriocin killed only actively metabolizing cells. The studies reported here provide additional evidence to this effect and describe other effects of viridin B on metabolic pathways in N. sicca.
MATERIALS AND METHODS
Bacterial strains. S. mitis (mitior) strain 42885, which produces viridin B, and N. sicca strain 15362, which is killed by viridin B, have been described in detail previously (5) . Media (1) . Incorporation of glucose into trichloroacetic acid-insoluble material was assayed as previously described (4) .
Amino acid uptake and incorporation. conditions allowing active metabolism. Logarithmic-and stationary-phase N. sicca cultures were exposed to viridin B in the presence and absence of fresh growth medium, and macromolecular synthesis was assayed. Tritiated uridine was added to each culture to a final concentration of 5 ,uCi/ml. After mixing, a culture was divided, and portions were added to equal volumes of viridin B in TSB, viridin B in phosphate buffer, inactivated bacteriocin in TSB, or inactivated bacteriocin in phosphate buffer. Incubation was continued with agitation, and samples were assayed for trichloroacetic acid-insoluble material as previously described (4). Viable-cell counts of identically treated N. sicca cultures were performed.
In similar experiments, logarithmic-and stationaryphase cells were harvested by centrifugation and resuspended in TSB/128. After addition of tritiated uridine, the cells were treated and assayed for macromolecular synthesis, as above.
Effects of viridin B on anaerobically incubated N. sicca. Viridin B or inactivated viridin B was added to an unvented anaerobic blood culture bottle containing Peptone II broth under C02 (Vacutainer, Becton, Dickinson & Co.). The bottles were inoculated with an overnight culture of N. sicca at a ratio of 1:20. The inoculum also contained sufficient tritiated uridine to produce a final concentration of 5 ,uCi/ml. Controls consisted of similarly treated N. sicca, with the exception that the culture bottles were vented and vigorously aerated. Samples were taken hourly for 5 h and assayed for trichloroacetic acid-insoluble material. Viable-cell counts of similarly treated cultures lacking radioisotope were performed as previously described (5 and incorporation into trichloroacetic acid-insoluble material. Logarithmic-phase N. sicca cultures exposed to viridin B showed immediate cessation of total glucose uptake and of glucose incorporation into glycogen-like polymer (Fig.  3) . Results with trichloroacetic acid-insoluble material were comparable.
Amino acid uptake and incorporation. It was previously shown that viridin B treatment of actively growing N. sicca prevented incorporation of an amino acid mixture into trichloroacetic acid-insoluble material (4) . Such an inhibitory effect could be at the transport or macromolecular biosynthetic level. Therefore, viridin B was compared with chloramphenicol, an an- (Fig. 5) . Cells treated in this malner ceased to incorporate uridine after 15 min of exposure to the bacteriocin and were killed within 2 h. Stationary-phase cells exposed to viridin B without fresh medium remained viable and incorporated uridine throughout the test period.
In similar experiments, logarithmic-and stationary-phase N. sicca cultures were harvested by centrifugation, washed, and resuspended in TSB/128 before exposure to viridin B. Viridin B did not inhibit uridine incorporation or viability in cell suspensions derived from logarithmic-or stationary-phase N. sicca cultures, unless fresh, undiluted medium was added.
Effects of viridin B on anaerobically incubated N. siccc& Having observed that only actively metabolizing N. sicca cells were susceptible to viridin B, we decided to compare the effects of aerobic and anaerobic incubation on viridin B activity. As noted in Fig. 6 , the bactericidal effect of viridin B was demonstrable only under aerobic conditions.
In similar experiments (Fig. 7) , viridin B had no effect on uridine incorporation in anaerobically incubated N. sicca. Incorporation was similar to that in anaerobically incubated control cells. Maximal incorporation was seen in aerobically incubated cells exposed to inactivated (2) , megacin C (8), the bacteriocin of Clostridium perfringens strain 28 (11), streptococcin A-FF22 (15) , and staphylococcin 1580 (10) .
Since viridin B inhibition depended on active, oxidative metabolism, we examined the bacteriocin's effect on respiration and ATP production. Viridin B caused immediate cessation of oxygen consumption in actively metabolizing N. sicca; however, the inhibitory effect on ATP production was delayed 1 h. It is possible that viridin B rapidly inhibits respiration by interference with membrane components (plasma and/or mesosomal) of the aerobic electron transport system (6, 7) . ATP synthesis by substrate-level phosphorylation, which is localized in the cytoplasm (7), may not be immediately affected by viridin B. This possibility is in accord with the widely accepted model that many bacteriocins initiate their inhibitory effects at the plasma membrane (12, 14) .
Since viridin B rapidly inhibited respiration in N. sicca, similar inhibition of any uptake mechanism coupled to aerobic electron transport would be expected. Viridin B was compared, therefore, with chloramphenicol to determine whether the bacteriocin prevents amino acid transport or blocks amino acid incorporation into protein. Chloramphenicol does not alter transport immediately, but inhibits protein synthesis by preventing peptidyl transfer on 50S ribosomal subunits. Since accumulation of amino acids continued in chloramphenicol-pretreated cells, but was totally blocked upon exposure to viridin B, we conclude that the bacteriocin's inhibition of protein synthesis is at the transport level. This is unlike colicin E3 which inactivates ribosomal subunits directly (3) .
A number of antibiotics were compared with viridin B in their inhibition of macromolecular synthesis in actively growing N Viridin B rapidly prevented the uptake of glucose and its incorporation into glycogen-like polymer and trichloroacetic acid-insoluble material. Similar effects have been reported for staphylococcin 1580 (9) and streptococcin A-FF22 (15) . This immediate effect on glucose metabolism may aLso be due to a primary effect on transport and/or energy transduction.
On the basis of these findings, we propose that viridin B inhibits actively growing N. sicca by disruption of membrane-bound components responsible for oxygen-dependent electron transport, which in turn uncouples energy transduction necessary for accumulation of precursors. CelLs which are not actively metabolizing or are metabolizing anaerobically utilize other methods of energy transduction which are unaffected by viridin B.
